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OXINDOLE PEPTIDE ANTAGONISTS 



Background of the Invention 



This invention relates to novel oxindole derivatives, 
pharmaceutical compositions containing them, and methods of 

10 administering them to a subject in need of receptor binding 
inhibition of gastrin releasing peptide. 

Gastrin releasing peptide (GRP) is known to stimulate 
a wide variety of biological responses in different tissues 
and cell lines including mitogenesis. GRP also plays a 

15 central role in the pathophysiology of small cell lung 
cancer. GRP inhibitors thus have clinical utility as 
inhibitors of pathophysiological response to GRP in human 
diseases. Prior art receptor binding GRP inhibitors are 
peptides such as disclosed in D.C. Heimbrook et al., 

20 Peptides, Proceedings of the Eleventh American Peptide 
Symposium, pages 56 to 59 (1989) • 

The present invention provides oxindoles which are 
receptor binding GRP inhibitors. Oxindoles have been 
described in U.S. Patents 4,464,380 and 4,644,005, both of 

25 which are incorporated herein by reference, as aldose 
reductase inhibitors. The present oxindoles and/ or their 
activity as receptor binding inhibition of GRP are not 
disclosed. 

30 Summary of the Invention 

In accordance with this invention, it has been found 
that certain novel oxindoles are active receptor binding 
inhibitors of GRP. These oxindoles have the general formula 
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wherein R, is methyl, ethyl, or benzyl which is phenyl- 
substituted by one or two of chloro or bromo; R 2 is =CH-Ar or 
spirohydantoin; R 3 is C,-C 4 alkyl, fluoro, chloro, bromo, iodo 
or R4,- R, is hydrogen, or one 5- or 6-substi- tuent as 
5 follows: -OfCH^CONHj, -0(CH 2 )„0H, -0(CH 2 ) bC02 H, 

-OCH 2 CH(OH)CH 2 OH, or benzyloxy which is phenyl-substituted by 
ortho or meta carboxy, hydroxymethyl or carbamoyl; or R« is 
two substituents: one 5-substituent as defined above and 
6-methyl; n is 0, l, 2, 3 or 4; Ar is imdazolyl, thienyl, 
10 pyrrolyl, piperazinyl, naphthyl, or 

wherein Rj is one of trif luoromethyl ; or two of methyl, 
t-butyl or hydroxy; or one of methyl with one of hydroxy; or 
3, 5-di (t-butyl) -4-hydroxy; with the proviso that (1) R, and 
R, are not both hydrogen, (2) R, is methyl or ethyl when R 2 is 
=CH-Ar, and (3) R 3 is bromo or chloro and R, is 
3,4-dichlorobenzyl when R 2 is spirohydantoin. 

Specific oxindoles of formula I are those wherein R, is 
methyl or ethyl, and those wherein R 2 is = CH-Ar in which Ar 
is 3 , 5-di (t-butyl) -4-hydroxybenzyloxy . 

Other specific compounds of formula I are those wherein 
R 3 is methyl, those wherein R 3 is methyl and R, is 
5-carbamoyl, 5-OCH 2 CONH 2 , or 5-carboxybenzyloxy, and those 
wherein R 3 is methyl and R, is 5-carbamoyl-6-methyl , 
5-OCH 2 CONH 2 , or 5-carboxybenzyloxy-6-methyl. 

A preferred class of compounds of formula I is the 
class wherein R, is 3 ,4-dichlorophenyl and R, is spirohydan- 
30 toin. 

The invention is further concerned with a pharmaceuti- 
cal composition having receptor binding inhibitory activity 
toward GRP and comprising a compound of formula I in an 
amount sufficient to cause receptor binding inhibition of 
35 GRP, and a pharmaceutical carrier or diluent. 

The invention also resides in a method for the receptor 
binding inhibition of gastrin releasing peptide by adminis- 
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tering to a subject in need of receptor binding inhibition 
of gastrin releasing peptide a compound of the formula I as 
defined above in an amount sufficient to cause said inhibi- 
tion. 

The invention also resides in a method for the receptor 
inhibition of gastrin releasing peptide by administering to 
a subject in need of receptor binding inhibition of gastrin 
releasing peptide a compound of the formulsf 



wherein R, is methyl, ethyl, or benzyl which is optionally 
phenyl-substituted by one or two of chloro or bromo; and R 8 
is bromo or chloro, in an amount sufficient to cause said 
20 inhibition. 



The oxindole compounds of the invention are made by 
different processes depending on whether R 2 is =CH-Ar or 
25 spirohydantoin, and on whether the indole ring is 4-alkyl or 
4 -halo substituted. 

The preparation of the oxindole compounds wherein R 2 is 
spirohydantoin is described in above-mentioned U.S. Patent 
4,464,380. According to this method, a compound of the 
30 formula 
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Detailed Descri ption of the Invention 
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is condensed with an alkali metal cyanide such as sodium 
cyanide or potassium cyanide, to form the corresponding 
spirohydantoin oxindole wherein R, is chloro or bromo, and R, 
is as defined in connection with formula I. This 
5 condensation is generally carried out in the presence of a 
reaction-inert polar organic solvent in which both the 
reactants and the reagents are miscible. Preferred polar 
organic solvents include cyclic ethers such as dioxane and 
tetrahydrofuran, lower alkylene glycols such as ethylene 
10 glycol and trimethylene glycol, water-miscible lower 
alkanols such as methanol, ethanol and isopropanol, and 
N,N-di( Cl -c 4 lower alkyDC,-^ lower alkanoamides such as 
N,N-dimethylacetamide and N,N-dimethylacetamide. The 
reaction is generally conducted at a temperature of from 
15 about 50 to about 150C for a period of time of about two 
hours to four days. Although the amount of reactant and 
reagents used may vary, it is preferable to use a slight 
molar excess of the alkali metal cyanide reagent with 
respect to the carbonyl ring starting material of formula II 
20 to obtain maximum yield. 

The compounds of formula I wherein R 2 is =CHAr may be 
prepared as depicted in Reaction Scheme I. r„ r 3 , and ^ 
xn formulae in and IV of the Scheme are as defined above in 
connection with formula I. 

The reaction of the oxindoles of formula III with the 
aldehydes of formula IV is generally conducted in a 
reaction-inert solvent. Suitable solvents include aromatic 
amxnes such as pyrrolidone or pyridine, aliphatic amines 
such as tetrahydrofuran, and alcohols such as methanol 
ethanol, propanol and t-butanol. In a preferred method, the 
reaction solvent is methanol and pyrrolidine. The reaction 
is in general conducted at temperatures of from about -ioc 
to about 80C. a preferred reaction temperature is room 
temperature . 

The oxindole of - formula III is advantageously first 
dissolved in a reaction-inert polar solvent such as a C.-C, 
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lower alkanol, e.g. methanol, before being combined with the 
aldehyde of formula TV. 

The reaction of compounds III with compounds IV is 
conducted in the presence of a base. Suitable bases are 
alkali metal hydroxides such as sodium hydroxide, and 
organic bases such as pyrrolidine and pyridine. A preferred 
base is pyrrolidine. 

Alternatively, the compounds of formula I wherein Rj is 
=CHAr may be prepared as depicted in Scheme II. R,, r 3 and 
Ar in the formulae IV, V and VI of the Scheme are as defined 
above with reference to compounds of formula I. Rj in 
formula VII is (CH 2 )„CONH 2 , (CH 2 )„OH, (CH 2 ) n C0 2 H, CH 2 CH(0H) CH 2 OH, 
or benzyl substituted by ortho or meta carboxy, 
hydroxymethyl or carbamoyl. X in formula VII is halide such 
15 as chloride. 

The reaction of the N-R,-hydroxy-indoles of the formula 
V with the aldehyde of formula IV proceeds as described 
above with reference to Reaction Scheme I. 

The reaction of compounds VI with compounds VII 
proceeds in the presence of a catalyst. Suitable catalysts 
are lithium bis ( trimethy Is ilyl) amide, lithium bis (dimethyl- 
phenylsilyl) amide, lithium t-butyl(tri(C,-C 6 )alkylsilyl)- 
amide and lithium hexamethyldisilylamide. A preferred 
catalyst is lithium bis (trimethy lsilyl) amide. The reaction 
25 temperature ranges in general from about -78C to about IOC. 
A preferred reaction temperature range is from about -40 to 
-30C. The reaction generally proceeds in the presence of a 
reaction-inert solvent. Suitable solvents are 

dimethylformamide, dimethylacetamide, tetrahydrofuran- 
30 ethyleneglycoldimethyl ether. The preferred solvents are 
dimethylformamide and dimethylacetamide. 
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VI 



R.X . 



where i n 

R 2 is = CHRr 



vn 



The starting material of formula V may be prepared by 
known methods. Por instance, N-methyl-N-chloroacetyl- 
p-anisidme may be reacted with aluminum trichloride to form 
N-methyl-5-hydroxyoxindole . 

f™ Start±ng material ° f formula **Y be prepared 

from the hydroxyindoles of formula v by reaction with 
compounds of formula VII as described above for the reaction 
of formula VI in Reaction Scheme II. 

The pounds of formula VIII may be prepared as 
35 disclosed in U.S. Patent 4,464,380. 

The novel compounds of formula I and the compounds of 
formula VIII are useful in the treatment of human diseases 
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resulting from pathophysiological responses to GRP, e.g. the 
treatment of small cell lung cancer, the treatment of 
central nervous system disorders such as psychosis, panic 
disorders and mania, the treatment of gastrointestinal 
5 diseases such as gastric ulcers, and the treatment of eating 
disorders such as anorexia and bulimia. 

The compounds of the invention may be administered 
alone, but will generally be administered in admixture with 
a pharmaceutical carrier selected with regard to the 
10 intended route of administration and standard pharmaceuti- 
cal practice. For example, they can be administered orally 
or in the form of tablets containing such excipients as 
starch or lactose, or in capsules either alone or in 
admixture with excipients, or in the form of elixirs or 
15 suspensions containing flavoring or coloring agents. They 
can be injected parenterally, for example, intramuscularly, 
intravenously or subcutaneous ly. For parenteral administra- 
tion, they are best used in the form of a sterile aqueous 
solution which can contain other solutes, for example, 
20 enough salt or glucose to make the solution isotonic. 

The invention also provides pharmaceutical compositions 
comprising an effective amount of a compound of the formula 
(I) together with a pharmaceutically acceptable diluent or 
carrier. 

25 The compounds of the invention can be administered to 

humans for the treatment of diseases by either the oral or 
parenteral routes, and may be administered orally at dosage 
levels of about 0.1 to 500 mg/kg/day, advantageously 0.5-50 
mg/kg/day given in a single dose or up to 3 divided doses. 

30 For intramuscular or intravenous administration, dosage 
levels are about 0.1-200 mg/kg/day, advantageously 0.5-50 
mg/kg/day. While intramuscular administration may be a 
single dose or up to 3 divided doses, intravenous adminis- 
tration can include a continuous drip. Variations will 

35 necessarily occur depending on the weight and condition of 
the subject being treated and the particular route of 
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administration chosen as will be known to those skilled in 
the art. 

The activity of the present compounds in the receptor 
binding inhibition of grp may be demonstrated by the 
5 following in vivo. test, small cell lung carcinoma derived 
cells are implanted subcutaneous ly into athymic mice. These 
animals receive a test compound at specified time intervals 
to inhibit tumor growth. Non-treated mice succumb to the 
invading cells. In vitro activity of a test compound may be 
determined in an in vitro receptor binding assay using 
membranes of cells derived from small lung cell carcinoma. 
The following examples illustrate the invention. 

Example i 

A * N-chloroacetvl -w^«»h vlatH s j Aine > 

To a solution of 5.98 ml of chloroacetylchloride in 68 
nl of methylene dichloride under nitrogen at -ioc was 
dropwise added a mixture of N-methyl-anisidine (9.3 g) and 
dusoproylethylamine (14.2 ml) in 20 ml of methylenedi- 
chloride. The resulting mixture was allowed to warm up to 
20 room temperature and stirred at room temperature for 7 
hours. water (30 ml) was added and the organic layer was 
separated. Water (30 ml) was added again, and the mixture 
was acidified to p H 2 with hydrochloric acid, stirred for 15 
minutes and extracted with methylene dichloride. The 
organic layer was separated, washed, dried and evaporated to 
give the title compound, 11.5 g( 79%) , m/e 213 (maS s spec). 

B * N-methvl -5-hvHT-nyy-i r 

To a 500 ml three neck flask containing 11.49 g of 
N-chloroacetyl-N-methyl-anisidine was added 15.78 g (0 us 

30 mol, 2.2 mol equivalent) of Alci 3 at room temperature under 
nitrogen. The mixture was stirred with a mechanical stirrer 
and gradually heated to 220C. At 47C a strong gas stream 
appeared. Fifteen minutes later, the mixture equilibrated 
at 221C and the stirring was continued at that temperature 

35 for two hours. After cooling to room temperature, ice water 
(200 ml) was added and the resulting mixture was stirred at 
room temperature overnight. The reaction mixture was 
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filtered and the cake washed with water. The wet cake was 
recrystallized from ethylacetate and dried to provide 590 mg 
of title product, m.p. 198-199C(dec. ) . Mass spectrum m/e 
163. 

5 C. l-Methvl-3 -methvl ene- r 3 ' . 4 ' -di-tertiarv-hu-hy 1 -A > - 

hydroxy 1 -5 -hvdroxv oxindol e 

To a solution of l-methyl-5-hydroxy oxindole (2 g, 12 
mmole) in 60 ml of methanol was added 1.02 mi (12 mmoles) of 
pyrrolidine followed by 2.86 g (12 mmoles) of 3,5-di- 

10 tert-butyl-4-hydroxy-benzaldehyde, and the resulting mixture 
was stirred at room temperature overnight. Then the 
reaction mixture was poured into a mixture of 100 ml of 
ice-water and 200 ml of IN HC1. The solid formed was 
collected by filtration and dried to give the title com- 

15 pound of 3.5 g (78%), m.p. 136-140C(dec. ) . Mass spec, m/e 
379, NMR (DMSO) 8.5 and 9 ppm (2H of OH), 6.7 7.2 ppm 
(aromatic 5H) , 3.4 ppm (3H of CH 3 and 1.5 ppm (18H of 
tert-butyl) . 

D - l-Methvl- r 3 -methylene- ( 3 ' . 5 ' -tert-butvl-4 ' -hyrimvy- 
20 Phenyl) -5-( 2 '-c arbomethoxvbenzyloxv) indole. 

The title compound of step C (1.2 g, 3.16 mmoles), was 
dissolved in 12.4 ml of dimethyl formamide and cooled to 
-40C under nitrogen. Then lithium bis (trimethylsilyl) 
amide, (6.95 ml, 6.95 mmoles) was added and the mixture 
25 stirred at -40C for five minutes. To the resulting mixture 
was dropwise added 1.08 g (3.79 mmoles) of 2-bromoethyl 
benzoic acid methyl ester. The cooling bath was then 
removed and the reaction mixture was stirred at room 
temperature overnight. The reaction mixture was poured into 
30 a mixture of 100 ml of water and 200 ml 6'£ 

IN HC1, then extracted into ethyl acetate. The organic 
layer was separated, washed with water and saturated NaCl 
aqueous solution, dried over anhydrous magnesium sulfate, 
filtered and evaporated to give the crude product, 1.6 g. 
35 Purification via silica gel column chromatography gave the 
fractions eluted with chloroform 820 mg (49%), m.p. 159- 
162C(dec). Mass spec. m/e 527, NMR(CDC1 3 ) 6.8-8.2 
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ppm(aromatic 9H) , 4.9 and 5.2 ppm(3H, OH and CH 2 ) , 3.9 ppm(3H 
of OCOCH3), 3.3 ppm(3H of N-CH,) and 1.4 ppm(9H of 
tert-butyl) . 

E * l-Methvl-3-methvl >t.o r 3 ' . A > -* « - t erfc-h„f v1 -4 / - 
5 -hydroxy-phenyl 1 -5- f ? - -rarhowhn^yi OYvl nHo1 - 

The title compound of step D (400 mg, 0.76 mmole) was 
hydrolyzed by dissolving in 3.8 ml of tetrahydrofuran, 
adding 3.8 ml of methanol and then introducing 3.8 ml of 6N 
NaOH. The resulting mixture was stirred at room temperature 
overnight, and then poured into a mixture of 100 ml of water 
and 100 ml of in HC1. The precipitates formed were 
collected by filtration, washed with water, and dried to 
give the desired compound, 350 mg (90%), m.p. 124-125C. 
Mass spec, m/e 513. Analysis, calcd. for C^NO,; C-74.81, 
H-6.87, N=2.73; found C=74.68, H=6.28, N=2.53. 

Example ? 

A * 1 'Meth Y 1 -3 -m ethyl f»nf> - r 3 ' . 4 ' -h i -tert-hni- yi -a,- 
hydroxy 1 -^-hy droxy nvi ^ 

To a solution of l-methyl-5-hydroxy oxindole (2 g, 12 
mmole) in 60 ml of methanol was added 1.02 ml (12 mmoles) of 
pyrrolidine, followed by 2.86 g (12 mmoles) of 3,5-di- 
tert-butyl-4-hydroxy-benzaldehyde. The resulting mixture 
was stirred at room temperature overnight. Then the 
reaction mixture was poured into a mixture of 100 ml of 
25 xce-water and 200 ml of in HC1. The solid formed was 
collected by filtration and dried to give the title 
compound: 3.5 g (78%), m.p. 136-140C (dec). Mass spec, m/e 
379. NMR (DMSO):8.5 and 9 ppm (2H of OH), 6.7 7.2 ppm 
(aromatic 5H) , 3.4 PP m(3H of CH 3 ) and 1.5 ppm(i8H of 
30 tert-butyl). 

B - A-Methy 1 - r 3 -methyl ene- f 3 5 ' -i-^-buW -a > -h y ^n^,- 
phenyj, } -s- f ? ' rarbmn^hnyy benxvloyv^ i r^-j P 

The compound of step A (1.2 g, 3. 16 mmoles) was 
dissolved in 12.4 ml of dimethyl formamide and cooled to 
-40C under nitrogen. Then lithium bis (trimethylsilyl) amide 
(6.95 ml, 6.95 mmoles) was added and the mixture was stirred 
at -40C for five minutes. To the resulting mixture was 
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added dropwise 1.08 g (3.79 mmoles) of 2-bromoethyl benxoic 
acid methyl ester. After the addition, the cooling bath was 
removed and the reaction mixture was stirred at room 
temperature overnight. The reaction mixture was poured into 
5 a mixture of 100 ml of water and 200 ml of IN HC1 and 
extracted into ethyl acetate. The organic layer was 
separated, washed with water and saturated NaCl aqueous 
solution, and dried over anhydrous magnesium sulfate, 
filtered and evaporated to give the crude product, 1.6 g. 

10 Purification via silica gel column chromatography gave the 
fractions e luted • with chloroform, 820 mg (49%), m.p. 
159-162C (dec). Mass spec, m/e 527. NMR (CDC1 3 ) : 6.8-8.2 
ppm (aromatic 9H) , 4.9 and 5.2 ppm(3H, OH and CH 2 ) , 3.9 
ppm(3H of OCOCH 3 ), 3.3 ppm (3H of N-CH 3 ) and 1.4 ppm(9H of 

15 tert-butyl) . 

c - l-Methvl-3 -methylene ?3 f .4'— rii -tert-butyl -4 ' hvdroxv- 
Phenvl 1 -5- r 2 ' car boxvbany.yloxvl -i nrinl * . 

The benxoyloxy ester of step B (400 mg, 0.76 mmole) was 
hydrolyzed by dissolution in 3.8 ml of tetrahydrofuran and 
20 addition of 3.8 ml of methanol. Then, 3.8 ml of 6N NaOH was 
introduced. The resulting mixture was stirred at room 
temperature overnight and then poured into a mixture of 100 
ml of water and 100 ml of in HC1. Precipitate formed was 
collected by filtration, washed with water and dried to give 
the desired compound, 350 mg (90%), m.p. 124-125C. Mass 
spec, m/e 513. Analysis, calcd. for C^NOj: C-74.81, 
H=6.87, N=2.73; found C=74.68, H=6.28, N=2.53. 

Example 3 

According to the process of Example 2, the following 
compounds of formula I are prepared. 
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wherein 

R, is methyl, ethyl, or benzyl which is 
20 phenyl-substituted by one or two of chloro or bromo; 
R 2 is =CH-Ar or spirohydantoin; 

R 3 is C,-C 4 alkyl, fluoro, chloro, bromo, iodo or R«; 

R* is hydrogen, or one 5- or 6-substituent as follows 
-0(CH 2 ) n CONH 2 , -0(CH 2 ) n OH, -O (CH 2 ) B COjH , -OCH 2 CH(OH) CH 2 OH, or 
25 benzyloxy which is phenyl-substituted by ortho or meta 
carboxy, hydroxymethyl or carbamoyl; or 

R« is two substituents: one 5-substituent as defined 
above and 6 -methyl; 

n is 0, 1, 2, 3 or 4; 

30 Ar is imidazolyl, thienyl, pyrrolyl, piperazinyl, 

naphthyl, or 



35 wherein 

Rj is one of trif luoromethyl; or two of methyl, t-butyl 
or hydroxy; or one of methyl with one of hydroxy; or 
3, 5-di (t-butyl) -4-hydroxy; with the proviso that (l) R, and 
R 4 are not both hydrogen, (2) R, is methyl or ethyl when R 2 is 
40 =CH-Ar, and (3) R, is bromo or chloro and R, is 
3,4-dichlorobenzyl when Rj is spirohydantoin. 
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2. A compound according to claim 1 wherein R, is 
methyl or ethyl. 

3. A compound according to claim 2 wherein R 2 is 
=CH-Ar in which Ar is 3 r 5-di(t-butyl)-4-hydroxybenzyloxy. 

5 4. A compound according to claim 3 wherein R 3 is 

methyl . 

5. A compound according to claim 4 wherein R< is 
5-carbamoyl, 5-OCH 2 CONH 2 , or 5-carboxybenzyloxy. 

6. A compound according to claim 5 wherein R< is 
10 5-carbamoyl-6-methyl, 5-OCHjCONH 2 -6-methyl, or 5-carboxy- 

benzyloxy-6-methyl . 

7. A compound according to claim 1 wherein R, is 
3,4-dichlorophenyl, and Rj is spirohydantoin . 

8 . A pharmaceutical composition comprising a compound 
15 of the formula I as defined in claim 1 in a pharmaceutical^ 

sufficient amount, and a pharmaceutical carrier or diluent. 

9. A method for the receptor binding inhibition of 
gastrin releasing peptide which comprises administering to 
a subject in need of receptor binding inhibition of gastrin 

20 releasing peptide a compound of the formula I as defined in 
claim 1 in an amount sufficient to cause said inhibition. 

10. A method for the receptor binding inhibition of 
gastrin releasing peptide which comprises administering to 
a subject in need of receptor binding inhibition of gastrin 

25 releasing peptide a compound of the formula 

0 ; 



30 




.VIII 



wherein R, is methyl, ethyl, or benzyl which is optionally 
35 phenyl-substituted by one or two of chloro or bromo; and R g 
is bromo or chloro., in an amount sufficient to cause said 
inhibition. 
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11. A method for the treatment of small lung cancer 
central nervous system disorders, gastrointestinal diseases 
or eating disorders which comprises administering to a 
subject in need of such treatment an amount, effective in 
5 such treatment, of a compound of the formula I as defined in 
claim l or a compound of the formula 



10 




...Vlir 



15 wherein R, is methyl, ethyl, or benzyl which is optionally 
Phenyl-substituted by one or two of chloro or bromo; and R, 
is bromo or chloro. 

12. A process for preparing a compound of the formula 
1 as defined in claim 1 which comprises 
20 reacting a compound of the formula 



R 3 o 



25 




...II 



Mai 



wherein K, and R. are as defined in claim i and Hal is one or 

30 ° f ehl ° r ° " br ° TO ' With M alkali " at « to 

obtaan compounds of formula I wherein r, is spirohydantoin 

and R| ls benzyl „ hich t, phenyl-substituted by one or two of 

chloro or bromo; or 



WO 92/07830 



PCT/US91/04978 



-17- 

reacting a compound of the formula 



5 




III 



with an aldehyde of the formula ArCHO wherein Ar is as 
10 defined in claim 1 to obtain compounds of formula I wherein 
Rj is =CH-Ar and R,, R 3 and R, are as defined in claim 1; or 
reacting a compound of the formula 

R, 



15 




wherein R,, R 3 and Ar are as defined in claim 1 with a halide 
20 of the formula RjX wherein Rj is (CHjJ.CONHj, (CH 2 ) B OH, 
(CHjJ.COjH, CH 2 CH(OH)CH 2 OH, or benzyl substituted by ortho or 
meta carboxy, hydroxymethyl or carbamoyl and X is halo. 



